ABSTRACT. H. parasuis isolates (n=112) from pigs were tested for antimicrobial susceptibility against 23 antimicrobial agents by the disk diffusion method. All isolates were sensitive to Florfenico and most strains were sensitive to Cefotaxime (103/112; 92%), Ceftazidime (99/112; 88.4%), Chloramphenicol (90/112; 80.4%) and Gentamicin (85/112; 75.9%). High resistance levels to Nalidixic acid (84.8%), TMP (67.9%) and Trimethoprim+Sulfamethoxazole (58%) were observed. Genomic DNA extracted from 52 isolates resistant to at least seven antimicrobial agents was analyzed by PFGE and 46 distinct PFGE patterns identified. Diverse variation was observed between the drug-resistant H. parasuis isolates examined, suggesting that resistance traits were acquired independently by the respective isolates.
, Jianmin ZHANG 1)# , Zhanqin ZHAO 2) , Lili GUO 1) , Bin ZHANG 1) , Saixiang FENG 1) , Lingyun ZHANG 1) and Ming LIAO 1) H. parasuis (HPS) is an important swine pathogen that causes Glässer's disease that is characterized by fibrinous polyserositis, meningitis and arthritis. Classification of H. parasuis has traditionally been based on serotyping. This methodology has identified 15 serovars to date [7] , however, serovar diversity and the high number of non-typable isolates have hampered the development of effective crossprotective vaccines [14] . Therefore, antimicrobial treatments remain an important weapon in combating infections caused by this pathogen. Although antimicrobial therapy is widely available for the prevention and control of clinical infections [6, 9] , the rising number of antibiotic resistant isolates is a growing global health concern for both human and animal populations [3, 15] . Over the past decade, high resistance levels to commonly used antibiotics and the worldwide emergence of multidrug resistant (MDR) phenotypes have become of increasing concern [4, 15] .
H. parasuis antibiotic resistance rates have been assessed in some countries [1, 5] . In China, Zhou et al. [16] reported the presence of antibiotic resistance H. parasuis strains between 2007-2008. However, since H. parasuis prevalence rates vary markedly between regions and over time and the antimicrobial susceptibility of H. parasuis in South China remain unknown, making it a necessity to study the antimicrobial susceptibility of H. parasuis isolates in this region. This study using the pulsed-field gel electrophoresis (PFGE) method, to observe the genetic relatedness of the multi-drug-resistant H. parasuis in South China.
In this study, H. parasuis isolates (n=112) collected from pigs suffering from respiratory disease in South China between August 2008 and July 2010 were tested for antimicrobial resistance against a panel of 23, well-defined antibiotics. All isolates were collected from diseased pigs (one isolate per herd). Clinical signs of disease included high fever (>40ºC), weakness, abdominal breathing, swollen joints and/or symptoms of central nervous system involvement. Lung, pericardium and nose swab samples were collected from 6 provinces in South China. Each sample was plated onto tryptic soy agar (TSA) (OXOID, Inc., Basingstoke, U.K.) plates containing 5% bovine serum and 10 μg/ ml nicotinamide adenine dinucleotide (NAD) (Sigma, St. Louis, MO, U.S.A.). All plates were incubated at 37°C for 24-36 hr. Presumptive H. parasuis isolates were further confirmed by PCR as described [5, 13] .
All 112 H. parasuis isolates were tested for antibiotic susceptibility using the disk diffusion method. Performance and evaluation of the susceptibility tests was in accordance with the recommendations described by the Clinical and Laboratory Standards Institute (CLSI; formerly the NCCLS) [11] . All strains were tested for antimicrobial susceptibility on TSA plates as described above. After mea-suring the inhibition zone around respective colonies, each bacterium was defined as resistant or susceptible to respective antibiotics based on CLSI criteria (Table1) [11, 12] . Actinobacillus pleuropneumoniae ATCC 27090 and Escherichia coli ATCC25922 were used as control strains for the antimicrobial susceptibility testing.
The most prevalent phenotypes detected were resistant to Nalidixic acid (84.8%), TMP (67.9%) and Trimethoprim+Sulfamethoxazole (58%) followed by resistance to Enrofloxacin (45.5%), Streptomycin (48.2%), Tetracycline (41.1%), Ciprofloxacin (41.1%), Norfloxacin (38.4%), Erythromycin (29.5%) and Benzylpenicillin (29.4%). Less than 20% of the isolates were resistant to Azithromycin (16%), Chloramphenicol (14.3%), Rifampicin (13.4%), Cefotaxime (8.0%). No resistance to Florfenicol was observed in any isolate examined.
Treatment of H. parasuis infections commonly includes the use of broad-spectrum antimicrobials [1, 5, 16] . Data from this report indicated that Florfenicol, Cefotaxime, Ceftazidime, Rifampicin and Chloramphenicol were the most active drugs, however, Chloramphenicol has not been approved for use in animals in China. Therefore, the remaining three antibiotics remain the preferred antimicrobial agents for use in controlling H. parasuis infections in pigs. By contrast with Nalidixic acid, TMP and Trimethoprim+Sulfamethoxazole were minimally effective.
Sulfonamides and Fluoroquinolones (FQs) are some of the most commonly prescribed antimicrobials due to their broad-spectrum antimicrobial activity. In Denmark, Aarestrup et al. (2004) reported that 3.8% of 52 H. parasuis strains were resistant to Trimethoprim+Sulfamethoxazole but susceptible to Ciprooxacin [1] . In Spain and the U.K., de la Fuente et al. (2007) reported that 53.3% and 20% of 30 Spanish isolates were resistant to Trimethoprim+Sul-famethoxazole and enrooxacin, respectively, and 10% of 30 British isolates were resistant to Trimethoprim+Sul-famethoxazole [5] . In China, Zhou et al. (2009) reported that 44.5% and 70.9% H. parasuis strains were resistant to Trimethoprim+Sulfamethoxazole and Enrooxacin [16] . In our study, a relatively high level of resistance to Nalidixic acid (84.8%), TMP (67.9%), Trimethoprim+Sulfamethox-azole (58%), Enrofloxacin (45.5%) and Ciprofloxacin (41.1%) was observed.
One hundred and three distinct antimicrobial antibiograms were identified during the course of this study (Table  2) . No isolates were susceptible to all drugs tested. Most isolates (n=95, 84.8%) were resistant to at least four antimicrobial agents and 52 (46.4%) isolates were resistant to at least 7 antimicrobial agents. This study described the multidrug resistance profile of H. parasuis strains isolated between 2008-2010 and reflects the most current H. parasuis antibiotic resistance profile in South China. Resistance to Nalidixic acid, TMP and Trimethoprim+Sulfamethox-azole was common to multi-drug resistant isolates and two isolates collected in 2010 were resistant to at least sixteen antimicrobials, including sulfonamides, fluoroquinolones, tetracyclines, aminoglycosides and β-lactamases. The public health implications of large reservoirs of multi-drug resistant organisms, particularly H. parasuis, which is not host specific, is significant since antibiotic resistance genes can be transferred to other human and animal pathogens [8, 10] . As a means of better characterizing the respective isolates examined, genomic DNA from 52 isolates resistant to at least 7 antimicrobial agents was used to genotype respective strains by PFGE (pulsed-field gel electrophoresis). PFGE is a widely used and highly discriminatory molecular typing method based on the comparison of fragment patterns of restriction-digested chromosomal DNA [2] . Genomic DNA extracted from 52 strains resistant to at least 7 antibiotics was analyzed by this method. Briefly, H. parasuis DNA embedded in agarose was digested with CpoI (TaKaRa, Dalian, China) and the restriction pattern resolved in 1% agarose and 0.5X TBE buffer at 6V/cm for 21 hr using a CHEF-DR III pulsed-field electrophoresis system. Pulse times were 2.16-63.8 sec. Salmonella enterica serovar Braebderup H9812 digested with XbaI (TaKaRa) served as the size standard. PFGE patterns were visualized following ethidium bromide (1 µg/ml) staining. Patterns of wellresolved bands that ranged in size between 20-1,135 kb were observed. Forty-six different genotypes were defined in this study based on PFGE patterns (Fig. 1) . A dendrogram depicting genetic relatedness was generated using Bionumerics 4.0 software (Applied Maths, Inc., Austin, TX, U.S.A.) (Fig. 1) .
Based on the PFGE analysis, it was clear that significant heterogeneity existed between isolates at the DNA level. According to the results of PFGE analysis, isolates SC116 and SC117 were closely related, differing by only one band, though they have different resistance profiles. It is indicated that they were derived from a common ancestor and that one strain either lost or acquired resistance genes over time which caused the shifting of the restriction sites. The different resistant strains of SC002, SC009 and SC020 were isolated from different farms, but they have the same PFGE profile (Fig. 1) . It is suggested that they were genetically related and possibly these 3 isolates may be from the same origin. The data implied that multi-drug-resistant in H. parasuis may be due to a characteristic independently acquired by each isolate rather than the clonal spread of a single resistant isolate. It's implying that the transfer of resistance genes via plasmids and transposons most naturally occurring in multi-drug-resistant H. parasuis strains. So, the mechanisms of resistance and mobility among multidrug-resistant in H. parasuis needs to be further investigated.
In conclusion, the present study demonstrated that H. parasuis isolates from South China were resistant to a variety of antimicrobial agents. It is helpful for treatment of H. parasuis infections on pig farms. The high levels of resistance and the possible transfer of resistance genes among H. parasuis also suggested that the continuous surveillance of antibiotic resistance profiles among swine pathogens and careful utilization of these drugs may provide useful information applicable for the treatment of clinical isolates of swine pathogens infections. 
